The objectives of this study were: 1) to examine effects of a dietary sodium bentonite, ASTRA-BEN-20 (AB20) [Prince Agri Products, Inc., Quincy, Ill.], on in vitro binding of T2 toxin and aflatoxin B (AFB1);
INTRODUCTION
The in vitro and in vivo adsorption of aflatoxins b y bentonite clays (montmorillonite) is well documented (Kubena et al., 1990; Phillips et al., 1994; Taylor, 1999) . In vitro adsorption by bentonite has been used experimentally to remove aflatoxin M1 from milk (Applebaum and Marth, 1981) . Moreover, in vivo
MATERIALS AND METHODS

adsorption of aflatoxins by bentonite included i n
In vitro toxin binding assay: ASTRA-BEN-20 (Prince contaminated feed has been repeatedly demonstrated Agri Products, Inc., Quincy, Ill.) was tested for in vitro to protect poultry, swine, sheep, and cattle from the toxic binding of AFB1 (10µg/mL) or T2 toxin (10µg/mL) as a effects of aflatoxin and to reduce the transmission of 2% suspension in 10% methanol at pH 3, 7, and 10.1 aflatoxin M1 into milk (Phillips et al., 1994; Diaz et al., (the pH of the 2% AB suspension). The pHs of the 2004: Miazzo et al., 2005) . The aflatoxin/clay complex is suspensions were adjusted with 2N sodium hydroxide believed to pass intact through the digestive system of and 2 N hydrochloric acid. Suspensions were the animal. Most of these clay products are Generally maintained by a magnetic stirring bar at room Recognized as Safe (GRAS) by the US Food and Drug temperature for 1hr. After incubation, the AB20 was Administration (2004) . Complicating factors i n removed as a solid pellet after centrifugation at 1500rpm interpreting the scientific and popular press literature in for 15 min in a table-top centrifuge. The supernatants regards to clay products are: 1) the complex were analyzed for unbound AFB1 by HPLC with nomenclature and the variable chemical and physical fluorescence detection of the bromine derivative (Traag nature of the clays tested; and 2) the use of in vitro data et al., 1987) and for unbound T2 toxin by gas-liquid to imply in vivo efficacy. While in vitro experiments have chromatography with electron capture detection of the revealed binding between clays and mycotoxins trimethylsilyl derivative (Kamimura et al., 1981; Rizzo et including aflatoxin B , in vivo studies have not identified al., 1986) . A model GC-14A was operated under the 1 the amount of dietary clay that offer consistent protection following conditions: nitrogen carrier gas at 4mL/min; to poultry (Desheng et al., 2005) . Conflicting results injector temperature 250 C; detector temperature 300 C; have been reported in regards to dietary concentrations temperature program at 185-260 C at 4 C/min. Analysis of activated charcoal preparations tested for protection was performed on a 30-m Megabore (.53mm ID) DBagainst mycotoxins (Piva et al., 2005; Kubena et al., 1701 fused silica column.
1990
; Edrington et al., 1997) . The objectives of this study were to determine if ASTRA-BEN-20 (AB20) at 1 and ® 2% of diet would cause in vitro binding of T2 toxin and aflatoxin B1as well as in vivo protection of broiler chicks from the effects of dietary T2 toxin and aflatoxin B1. Dietary sodium bentonite and toxins: ASTRA-BEN-20 ® was added at a rate of 1% and 2% to the feed on a wet weight basis. Crystalline T2 toxin was prepared and checked for purity according to Richardson (1986) . T2 was added to T2 treatment diets at 6 ppm, which has been shown to depress growth in chickens and induce oral lesions in chicks (Edrington et al., 1997; Sklan et al., 2001) . Aflatoxin B1 (AFB1) was added to AFB1 treatment diets at 4 ppm which is within a concentration range previously demonstrated to depress growth in the chick (Kubena et al., 1990; Scheideler, 1993; Rafai et al., 2000; Sklan et al., 2001 ).
Dietary treatments: Standard broiler starter diet was fed throughout the study (Table 1) . It was analyzed for AFB1, T2, deoxynivalenol, zearalenone, and fumonisins prior to use. Pure crystalline T2 or AFB1 was added to diets by dissolving each toxin in acetone; solutions were mixed with 2.3 kg of feed and allowed to dry in a fume hood. The toxin-premix was added per 45.5 kg of feed. Nine dietary treatments were randomly assigned to 7 replicate pens per treatment: control (C); 1% AB20; 2% AB20; T2; T2+ 1% AB20; T2+2% AB20; AFB1; AFB1+ 1% AB20; and AFB1+ 2% AB20. shown). Chicks fed the AFB1 diet had significantly 
RESULTS
In vitro binding experiments:
The in vitro binding of T2 and AFB1 by AB20 is presented in Table 2 . The AB20 bound the most T2 toxin at a pH of 10.1 (74.4%), the normal pH for the additive in 10% methanol solution. ASTRA-BEN 20 bound the greatest percentage of AFB1 ® at pH 3 (99.5%), but bound at least 97% all pH values tested.
Comparison of control diets: Dietary AB20 at both 1% and 2% decreased BW and BWG at wks 1 and 2. During wk 3, dietary AB20 decreased BW and BWG at the 1% level when compared to the control diet (Table 3) . Cumulative feed conversions were significantly different among the control feeds for the 0-3 wk period only, with chicks fed the control diet having better CFC than chicks fed 1% AB20 (1.43 vs. 1.62), with chicks fed 2% AB20 having intermediate CFC (1.49).
Comparison of dietary aflatoxin B1 treatments:
Chicks fed the AFB1 diet had significantly lower BW and BWG at wks 2 and 3 compared to the control and AFB1+1% AB20 or AFB1+2% AB20 diets (Table 4) . Overall BWG of chicks fed AFB1 was significantly lower than the remaining treatments and the control diet (data not higher PLL than chicks fed the control or AFB1+1 and 2% AB20 diets (Fig. 1) .
Comparison of dietary T2 treatments:
Body weights of chicks fed T2 were significantly lower (p< 0.05) than the control, T2+1% AB20, and T2+2% AB20 diets at wks 1 and 2 (Table 5) . By wk 3, T2 chicks had lower BW than chicks fed the control and T2+1% AB20 diets, but no longer had lower BW than the T2+2% AB20 diet (Table   ® body weight and body weight gain of broiler chicks fed a control diet Means within a column lacking a common superscript differ (P a,b < 0.05). Means within a column lacking a common superscript differ (P a,b < 0.05). Means within a column lacking a common superscript differ (P a,b < 0.05) 5). Chicks fed T2 toxin had lower BWG than chicks fed any other diet during wk 1 (Table 5) . During wks 2 and 3, all chicks on diets with T2 toxin added had lower BWG than chicks fed the control diet (Table 5 ). Control chicks had higher overall BWG than chicks fed the T2+AB20 diets (772g vs. 653g), which had higher BWG than T2 Desheng, Q, L. Fan, Y. Yanhu and Z. Nuja, 2005. chicks (653g vs. 616g) . Two-wk CFC was better in control chicks than in any other diet (1.20 vs. 1.37). Three-wk CFC was better in control chicks than in chicks fed the T2 and T2+1% AB20 diets (1.42 vs. 1.72 and 1.62, respectively), with chicks fed the T2+2% AB20 diet having intermediate 3-wk CFC to all other diets (1.57). Oral lesion scores were significantly reduced in chicks fed the T2+2% AB20 diet (Fig. 2) .
DISCUSSION
This study demonstrated the protection of broiler chicks against the effects of T2 toxin using sodium bentonite clay. Carson and Smith (1983) have previously reported that the feeding of bentonite to rats decreased the toxicity of T2. In the present study, the body (Table 5) weights of broilers fed 1% AB20 decreased 15% (p < 0.05) compared to controls while the fed T2 alone decreased 19% (p < 0.05). Body weight gain, however decreased (p < 0.05) similarly for T2 and T2 plus 1 or 2% AB20. Two percent AB20 however, decreased oral lesion scares p < 0.05 in broilers by 18% compared to controls. Hence, it is our opinion that the protective effects of AB20 against T2 toxins in broilers, although not complete, represented a modest but significant attenuation of the effects of the toxin on broilers. Similar partial protection of broilers against aflatoxin contaminated feed b y sodium bentonite was reported by Miazzo et al. (2005) . While the protection afforded by AB20 against T2 toxin was moderate, the experimental design used in the Sci., 84: 1-8 present study made our test of the concept very conservative. A very high concentration of T2 toxin was used (4µg/kg) which is much higher than that previously reported. Indeed, Carson and Smith (1983) reported that bentonite fed at 10% of the diet was the most effective treatment at overcoming feed refusal and growth depression in male rats fed 3µg T2/g of feed.
Other factors could influence the binding of T2 toxin removal to bentonite clays. In the present study, the in vitro binding of T2 toxin to a 2% AB20 10% methanol (w/v) solution increased 265% at pH 10.1. One must be cautious however, in interpreting this increase as T2 binding. The high pH of the AB20/10% methanol solution may be sufficient to partially hydrolyze the functional moities in T2 toxin. Additionally, pH10 is outside a physiological range. The high pH of AB20(10.1) while suspended in 10% methanol may be sufficient t o partially hydrolyze the functional acetyl and isovaleryl groups in T2.
